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 Beam energy scan program in STAR maps the proton high moments as a
function of iz and 1" by varying the collision energy
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[1]X.Luo, et al.: Particles 3(2020)2,278-307



Motivation

N- Event-by-event mu|tip|icity 1) Related to the correlation length &

Cy~¢&*and Cy ~ &’ ' C,/Cy(= Ka?)
— — 4 2\
ON =N <N> ¢ diverges at the critical point
Higher order — More sensitive!
Cumulants baseline
dC; = (N) , 2) Related to the susceptibility y?
QC; = (6N3) G X | | .
J C4 — (5N4) — 3(5N2)2 Directly comparable to the model™ ~ calculations! Non-monotonic energy dependence of
C,/ C, for the conserved baryon number
Factorial Cumulants (using protons as a proxy) indicates the
Qw. = 1) Can be expressed by linear combinations of existence of a critical region.
3 1= 1C - ordinary cumulant;
Ko = —C1 + (3
W Ky = 2C1 _ 3C2 + CB 2) Directly capture and are sensitive to genuine

multi-particle correlations.

Qk, = —6C, +11C, — 6C + C,4

* Higher-order cumulants of conserved charges serve as an important probe In
the search for QCD critical end point
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1. Long-range phenomena near critical point: increasing the measurement window in y

and pr magnifies the contribution to normalized cumulants;

2. For small rapidity window Ay <« Ay. ., and near the critical point, we expect

K, ~ (Ay)"

3. The wide and uniform acceptance of the detector provides us with the opportunity to

conduct kinematic scan.
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Data Sets

Extended Rapidity Window
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.Rapidity
1. With appropriate cut selection and PID method, we ensure the proton
purity larger than 95%;

2. The selection of vertex-Z (VZ) Is constrained by the requirements for purity
and detector acceptance.
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Au+Au Collisions at RHIC
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Net-proton Number AN = N, - N5

Efficiency Uncorrected Net-proton Number Distributions

Left plot: most central collisions across BES-II energies;

2. Right plot: most central collisions at , /s,y = 19.6 GeV, within

various rapidity and transverse momentum ranges.
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1.
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Rapidity Acceptance y™

high collision energy and within wide rapidity range.
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Cumulant ratios decrease smoothly along rapidity window;
2. UrQMD!"I describes the trend but fails to quantitatively reproduce the measurement, especially at

0.2 04 06 0 02 04 06 0 02 04 06 0 02 04 06 0 02 04 0.6




Net-proton Cumulant Ratios: p Scan
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1. Cumulant ratios decrease smoothly along p+ window, and saturate at around 1.8 GeV/c;

2. UrQMD deviates from data in high energy and wide p region.
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@ () Au+Au Collisions at RHIC
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» The wider the y (or p;) window size, the farther net-proton C,/C, deviates from
Skellam baseline.
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Au+Au Collisions at RHIC @ )
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. The largest negative deviation occurs at 4 /sy = 19.6 GeV.
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Au+Au Collisions at RHIC @ )
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. The largest negative deviation occurs at 4 /sy = 19.6 GeV.
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Au+Au Collisions at RHIC @ )
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. The largest negative deviation occurs at 4 /sy = 19.6 GeV.
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Au+Au Collisions at RHIC @ )
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Factorial Cumulant Ratios
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Smaller exponents than expected power-law k,/x; ~ (Ay)"! are observed.
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Proton Factorial Cumulant Ratios: p Scan
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1. K,/ Kk is negative, K;/k; is positive, and their amplitude increases with increasing window size;
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2.Kk4/K; is close to zero and doesn’t show significant Ap dependence;
3. UrQMD can’t quantitatively describe STAR data.
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Finite-Size Scaling Study
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1) Susceptibility: y,(W, ;) =
) ptibility: x, (W, uy,) T3 WV, /dy

2. Consistency observed from the overlap region of U,(up).
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2) Binder cumulant: U, = — 3C,/C?

3) Rapidity window size: W

4) Freeze out parameters!'I?l: T, u, dV/dy
5) Critical exponentsil: y, v

6) Uncertainty: ¢ = \/ 2+ ol

yS.



Summary

1. We report the measurements of kinematic range scan of (net-)proton
(factorial) cumulants and their ratios from STAR BES-II;

2. The significance of net-proton C,/C, shows the largest negative
deviation at , /s,y = 19.6 GeV, which is consistent with reported results;

3. Smaller exponents are extracted compared to the critical inspired
k /x; ~ (Ay)y"™! (up to 3rd order);

4. FSS and Binder cumulant study leads to an interesting region of
Up ~ 530 to 650 MeV, which is consistent with Sorensens’ work.
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